Aim: The management of births at borderline viability continues to present dilemmas for health professionals and parents. The aim of the study was to review local outcomes of infants born between 22 and 24 weeks of gestation between 2004 and 2010 in Western Australia (WA) to aid perinatal counselling. Methods: Survival data for the study were sourced retrospectively from the Neonatal Clinical Care Unit and Department of Health records of births in WA. Neurodevelopmental follow-up outcomes were assessed using the most recent standardised assessment (Griffiths, Bayley-III and Wechsler Preschool and Primary Scale of Intelligence, 3rd Ed) and medical examination of infants/children 12 months to 8 years from follow-up clinic appointments. Results: At these gestations, 159 survivors represented 72% of neonatal intensive care unit admissions, 53% of WA live births and 26% of WA live and still births; 5% of live births survived at 22 weeks, 46% at 23 weeks and 77% at 24 weeks. Of the 14 outborn/retrieved infants, 4 survived (29%). At a median age of 59 months, disabilities were severe in 13% of children (22-23w = 19%; 24w = 11%). The median test quotient was 90. Moderate and severe cognitive disability was found in 16%, cerebral palsy was found in 7% (n = 11), and 55% of children were free from impairment as defined in this study. Conclusion: At these gestations, survival figures varied markedly with the chosen population denominator. Regional data are essential for valid population comparison. While many developmental difficulties occurred in these children, 78% were free from moderate or severe impairment at ages 3-5 years.
1 Extremely preterm birth is medically challenging and ethically contentious. 2 There is a wide variation in published clinical practice guidelines. 3 There is variation in reported survival and long-term outcomes between and within countries.
What this paper adds
1 This study included a geographical cohort from the state of WA describing survival and long-term outcomes for extremely preterm infants. 2 A total of 72% of infants born <25 weeks and admitted to neonatal intensive care unit survived. 3 A total of 78% of survivors were free from moderate-to-severe disability.
Providing intensive care support for infants born at the extreme limits of survival, between the 22nd and 24th week of pregnancy, is both medically challenging and ethically contentious, reflected in the wide variation of published management guidelines. 1 There has been improvement in the survival of extremely preterm births over the past decades. [2] [3] [4] In a recent study of 11 neonatal centres from North America, improvements in the survival of preterm infants of a gestational age of 22-24 weeks were reported, with survival in the most recent epoch, 2008-2011, of 36% of live births. 5 Interpreting these findings, however, is complicated by variability in treatment across the centres and the representativeness of the epochs and centres used (only 4-5% of periviable neonates in the USA). 6 Survival and long-term outcome for extremely preterm infants varies between and within countries in regions that offer otherwise similar levels of intensive care support. [7] [8] [9] Two studies published from Sweden 8 and North America 9 showed that survival figures were related to different levels of 'intensity' of active treatment between centres, with high-activity centres reporting better survival and better survival without severe impairment relative to low-activity centres. 8, 9 Despite different definitions of what constitutes 'active treatment' (e.g. some studies refer to neonatal interventions only, while others define active treatment as a combination of obstetric and neonatal intervention), a large proportion of the individual differences between centres in reported survival rates and survival without severe disability for infants born at 22, 23 and 24 weeks of gestation is explained by the intensity of perinatal care. 8, 9 The impact of 'high and low' activity treatment centres accounted for 78% of variance in survival rates and 75% of variance in survival without severe disability in 22-and 23-week infants. In addition, the effect size of 'intensity' of perinatal care was equivalent to, or larger than, the effect size of proven intervention, such as surfactant administration, antenatal corticosteroids or centralisation of perinatal care. 8 However, this pattern of findings appears to attenuate by 24 weeks of gestation across both Swedish and North American studies. 6, 7 In the multi-centre audit, centre differences explained only 22% of variance in survival and 16% of the variance in survival without disability in their 24 gestational week group. 9 A recent study on variability in management and outcomes of extremely preterm births from five European countries also highlighted international variation in survival, provision of antenatal steroids and respiratory support.
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The intensity of treatment is also variable between practitioners within centres and between centres. Underestimating neonatal survival by obstetricians has been associated with reduced administration of corticosteroids, performing fewer caesarean sections for fetal distress and transferring fewer mothers to tertiary centres for delivery. 11 Similarly, in paediatrics, underestimation of survival has been associated with less use of mechanical ventilation, cardio-pulmonary resuscitation, inotropes, intravenous fluids, thermal support and oxygen supplementation. 12 It has also been reported that among births at 22 and 23 weeks, there are differences in decisions about treatment at the start and end of each gestational week, which may suggest, for both physician and for families, that 'rounding up' or 'rounding down' the gestational age impacts decision-making about treatment. 9 Interpreting published survival and disability rates for children born at [22] [23] [24] 14 Interpretation of survival and long-term outcomes are also complicated by use of varying population denominators, such as individual NICU admissions, regional NICU admissions, hospital births or regional births. 15 Studies vary in the assessment of developmental impairments, differences in measurement, age of measurement, use of corrected versus chronological age, use of normative comparison groups and differences in classification and differentiation of neurosensory impairments. These differences make interpreting complex data difficult when drawing generalised conclusions for the purpose of informing counselling information for parents. 15 The impetus for the current study was to carry out a clinical audit of survival and long-term outcomes of infants born at the extreme limits of viability and to provide appropriate data for parental counselling for our region. The primary aim of the current study was to review the survival and long-term outcomes of infants born between 22 and 24 completed weeks of gestation in WA born between 2004 and 2010. Long-term outcomes were assessed using the most recent standardised developmental/cognitive assessment available. The NICU at King Edward Memorial Hospital (KEMH) has historically had an 'active' culture about the initiation of intensive care support to liveborn infants at borderline levels of maturity.
Methods
We conducted a regional-based long-term follow-up audit of all surviving infants born at 22, 23 and 24 weeks of gestation in Western Australia (WA), between 2004 and 2010, born at or transferred to the State's only tertiary perinatal unit at KEMH. Live births delivered at KEMH were coded as 'inborn'. Live births delivered at any other hospital were coded as 'outborn'. No infants were born in transit to KEMH, and there were no recorded survivors at these gestations who were not admitted to KEMH. Morbidity data were collected at the time of hospital discharge, including transfer to other neonatal care levels up to the age of 12 months. No major congenital malformations were identified in survivors of this group. Neonatal morbidity was not, however, examined in the current audit. This audit was approved by the North Area Metro Health (KEMH) Human Research Ethics Committee (GEKO reference 10598).
Neonatal data source
Data were sourced retrospectively from the neonatal database at KEMH. WA is the largest Australian state, with a land area of 2 529 875 km 2 . Tertiary obstetric and neonatal care is highly centralised in WA, with a single perinatal unit providing such care. This unit also provides long-term follow-up on all survivors. Survival and follow-up data from the hospital and follow-up databases were retrieved for this review.
Intensive care support is offered to infants from 23 weeks onwards with parental consent. There is written material available for parents at risk of delivering an extremely preterm infant to support antenatal consultations with the obstetric and neonatal teams. Intensive care admission was not routinely provided to infants born at 22 weeks of gestation, although it occasionally occurred during this period (n = 5).
Midwives in WA are required to report all births, including stillbirths, to the WA Department of Health, and data on all births including stillbirths from 2004 to 2010 were obtained from the Midwives Notification System. [16] [17] [18] [19] [20] 
Follow-up procedures
The KEMH Neonatal Follow-up Program is offered to all <25 week infants for developmental and medical review at 12 months, 24 months, 36 months and 5 years of age, which included a standardised developmental assessment plus a medical review of the child's general health, growth and neurological status.
All measures were administered under standardised conditions by trained and accredited personnel of the Neonatal Follow-up Program. Each measure is comprised of standard psychometric properties based on published norms, with a mean of 100 and a standard deviation of 15, with the exception of the 0-2-year Griffiths test, which has a mean of 100 and a standard deviation of 12. Mild developmental/cognitive impairment was defined as a test quotient >1-2 standard deviations below the mean, moderate impairment as >2-3 standard deviations below the mean and severe impairment as >3 standard deviations below the mean. The most recent quotient score was analysed for each child. Age correction for prematurity was undertaken at all ages. Children who were assessed in the clinic and were unable to complete a formal standardised assessment due to disability were assigned a proxy quotient value of 49 (>3 standard deviations below the mean).
Measures
The Griffith Mental Development Scale, Revised (GMDS-R 0-2 years and GMDS-ER 2-8 years) 21 was administered by accredited developmental paediatricians to obtain an aggregate general quotient of development at 12 and 36 months, corrected for preterm birth.
Bayley Scales of Infant and Toddler Development, 3rd Ed (Bayley-III) 22 was administered by psychologists at 24 months, corrected for preterm birth. While all scales were administered, the cognitive composite score was analysed in the current review.
Wechsler Preschool and Primary Scale of Intelligence, 3rd Ed (WPPSI-III) 23 was administered by psychologists to obtain the aggregate full-scale IQ (FSIQ) at age 5 years, corrected for preterm birth.
Outcomes
Long-term outcomes for surviving infants are reported as follows. Impairment in cognitive development was classified according to standard deviations from the mean on standardised developmental assessment (see above) at four levels -no impairment, mild, moderate and severe impairment. Cerebral palsy (CP) was defined clinically as a non-progressive disorder of movement and posture in the presence of abnormalities of tone and, where possible, was classified using the Gross Motor Functional Classification System. 24 CP status was verified against the WA CP register, now incorporated into the West Australian Register of Developmental Anomalies. 25 Hearing status was classified at three levels -no impairment, unilateral hearing loss and bilateral loss requiring hearing amplification (aides/cochlear implants). Visual disability was defined as acuity less than 6/60 in the better eye. Autism was not specifically assessed but classified as a severe outcome if known to be present and diagnosed by standard multidisciplinary team assessment (Table 1) .
Results
Survival of total births, live births and NICU admissions at each week of gestation is shown in Table 2 . There were 614 infants born at 22-24 weeks in WA in 2004-2010. Of these, 302 were liveborn (LB) and 312 were stillborn (SB). Of the liveborn, 222 were admitted to the NICU, and 159 survived. Two infants were born with major anomalies, and both died. Survival rate at 22-24 weeks clearly varied with the chosen population denominator, being 24% of all births (LB + SB), 53% of all live births and 72% of all NICU admissions at these gestations. At 23 weeks, 56% of NICU admissions survived, rising to 81% at 24 weeks. Of 40 outborn infants who were liveborn, 14 (35%) were transferred and admitted to the NICU at KEMH, 4 (10%) of whom survived. Survival of the outborn infants admitted to NICU was 4 out of 14 (29%). There were no recorded survivors <25 weeks who were not admitted to the NICU.
Of the 159 survivors, follow-up information beyond 12 months of age was available for 152 (96%). At 12 months corrected age, 78% of infants returned for their developmental follow-up assessment, 72% returned at 24 months, 67% at 36 months and 66% at 5 years. The most recent assessment was 12 months for seven (4.5%) and 24 months for five (3%). At least one formal assessment was completed between 3 and 5 years on 82% of survivors. The breakdown of data source for assessment score used in the analysis is presented in Table 3 . The most recent test result available was used. There were 12 children not seen, for whom parent information was available on 5, all resident overseas or interstate. Of these five, four are known to have severe disability (severe visual impairment, two; autism, one; severe cognitive impairment, one). Information from one child, through regular email contact, indicated normal progress in school in the USA at 10 years. Seven children (4%) had no follow-up information available.
The median age of the latest assessment was 59 months (interquartile range: 55-62), and a summary of developmental outcomes is shown in Table 4 . Overall, of the 152 participants with follow-up information available, 43% met our disability criteria (22 weeks, 67%; 23 weeks, 56%; 24 weeks, 36%), almost half of these falling in the mild category (20%).
Cognitive disability was the largest disability category, affecting 59 of 152 (39%), more than half of whom were in the mild category. Cognitive disability in the moderate or severe range, that is, >2 standard deviations below the test mean, was seen in 27 children (overall, 18%; 22 weeks, 33%; 23 weeks, 27%; 24 weeks, 15%).
CP was present in 11 children (7%), of whom 9 were ambulant with or without some support (GMFCS level 1-3). CP type included diplegia (8), hemiplegia (2) and other (1). (83) 118 (78) †Severe visual disability, n = 2; autism, n = 1; severe cognitive disability, n = 1; normal school progress, n = 1. F/Up, follow up; GMFCS I/I, Gross Motor Function Classification System levels 1 and 2; GMFCS III, Gross Motor Function Classification System level 3; GMFCS IV/V, Gross Motor Function Classification System levels 4 and 5.
In accordance with the definitions, 119 (78%) survivors were free from moderate or severe disability (22 weeks, 33%; 23 weeks, 68%; 24 weeks, 84%).
Hearing impairment that required hearing aids was identified in four children (2.5%); severe visual disability was identified in two children (1.3%); and autism had been diagnosed in nine children (5.6%).
A combined outcome of either death or moderate-to-severe disability was seen in 43% of <25w NICU admissions.
Discussion
Survival and neurodevelopmental outcomes following birth at 22-24 weeks of gestation in a geographically defined cohort during 2004-2010 were reported in the current study. The survival and disability-free outcomes compared favourably to recently published results from Sweden, 8 North America 9 as well as single-centre studies from Japan. 26 13 and is similar to reported survival from NICU admissions in Victoria from 2010 to 2011 (11/16 or 69% at 23 weeks and 41/71 or 58% at 24 weeks). 14 The major findings from this study provide a challenge to commonly held beliefs about survival and long-term outcomes of children born at the limits of viability, before 25 weeks of gestation. The majority of children born alive and admitted to NICU for care survived without moderate or severe disability (78%). CP among this group was less common than expected (7%). Mild cognitive delay (1-2 standard deviations below the test mean) was the most common adverse outcome of our 159 survivors (21%). While classified here as a 'mild delay', 1-2 standard deviations from the mean represent psychometric properties within the 'normal' population range, with 15% of the general population falling in this range of performance on the same measures. Clinically, this often translates to children who develop without significant disability but who may struggle with learning at school and/or show complex learning and behavioural problems. 28 This has considerable implications for how clinicians choose to guide parents when making decisions about perinatal care of at-risk pregnancy and at the time of preterm labour. Notwithstanding optimistic disability-free survival, one in five survivors (20%) showed cognitive delay in the moderate or severe range (more than 2 standard deviations below the mean), this being the well-accepted criterion for intellectual disability. This report has emphasised the importance of considering the population denominator used to describe survival following extremely preterm birth, varying from 24 to 72% for our population. It is essential to use the same denominator when comparing results between studies. 6 The high rate of follow-up was a strength of this study. Follow-up information beyond 12 months corrected age was available for 92% of survivors, which included standardised neurodevelopmental assessment of 93% of survivors who returned for follow-up. Children lost to follow-up have been variably reported as either less 29 or more [30] [31] [32] likely to have neurodevelopmental difficulties.
The age of follow-up assessment, in so much as it provides an index of developmental maturity and stabilising trajectories, is important when considering long-term follow-up data (including the correction of chronological age to reflect maturation of a preterm infant). 33 Older children provide more robust performance on measures of development and intelligence. One of the strengths of the current study is the median age of follow-up of 59 months. Many similar studies of children born extremely preterm provide neurodevelopmental outcomes between 18 and 30 months, usually in an effort to reduce attrition from followup. 15 It has previously been reported that high-risk infants have the potential for the recovery of cognitive and academic performance with increasing age, 15 with fewer children at age 8 years than at 20 months having cognitive impairment. 34 The influences on survival and outcome are likely to be multi-factorial. Family genetics, stable and loving home environment, access to education and support, mental health, community health etc. are all likely to play significant roles in the long-term outcome of children, both those born with and without significant disability. 35 There are a number of limitations to the current study. In this study, it was not possible to differentiate mortalities in the labour ward due to failed active resuscitation from those where the parents had not wished for active obstetric and neonatal intervention.
The absence of a control cohort of term infants led to a reliance on test norms, most of which have not been standardised for Australian children. In particular, psychometric issues with the representativeness of the Bayley-III have been reported to show an overestimation of development in term 24-month-old infants and an underestimation of developmental delay. 34, [36] [37] [38] We acknowledge that there are many disorders of behaviour and learning not captured in the classification of disability used in the present report. Furthermore, combining results from various measures, while enhancing cohort retention for reporting, may tap into different developmental parameters and constructs at different ages. However, we believe these differences are mitigated by the later age of assessment for our cohort than many other such studies as well as our focus on detection of moderate-tosevere disability for the purpose of perinatal counselling.
Conclusion
During the years 2004-2010, 53% of infants born alive at <25 weeks gestation in WA survived. Of NICU admissions, 72% survived, and 78% of these survivors were free from moderateto-severe disability as defined at 5 years of age. We believe these figures provide justification for continuing to offer parents of these infants an informed choice about obstetric and neonatal intensive care support in WA.
